iabetes and obstructive sleep apnea (OSA) are common disorders that often coexist. One explanation for this overlap is the presence of shared risk factors such as obesity. There may also be a more complex relationship between these conditions in which an underlying metabolic disorder predisposes to both or in which metabolic and autonomic abnormalities associated with one influence the development of the other. Because both diabetes and OSA are associated with increased cardiovascular morbidity and mortality, it is possible that the presence of both conditions results in additive or even synergistic health risks.
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For these reasons, it is important to have heightened awareness of symptoms and signs of OSA in a diabetic patient population. This review discusses the pathophysiology, clinical significance, presentation, diagnosis, and treatment of OSA. It also examines associations between OSA and features of diabetes such as insulin resistance and autonomic neuropathy.
Epidemiology of OSA
Sleep-disordered breathing (SDB) refers to an abnormal breathing pattern during sleep that is often quantified as the apnea-hypopnea index (AHI). The clinical diagnosis of OSA requires the presence of both SDB and symptoms of sleep disruption. In other words, SDB refers to the physiological abnormality seen in patients with the clinical syndrome of OSA.
In the general population, SDB is estimated to occur in 9% of middle-aged women and 24% of middle-aged men. However, only 2% of women and 4% of men also complain of daytime sleepiness and therefore meet strict criteria for OSA. 1 The prevalence is higher in older and more obese populations. It is estimated that up to 60% of communityresiding elderly people have significant SDB, 2 and a recent study of mildly obese but otherwise healthy men (mean body mass index [BMI] = 30 kg/m 2 ) found a 60% prevalence of SDB and a 27% prevalence of OSA. 3 It remains unclear why such a large proportion of people with SDB appear to lack symptoms of sleep disruption and therefore do not meet criteria for the syndrome of OSA. However, even symptomatic disease remains widely unrecognized. One recent study estimated that 93% of women and 82% of men with moderate to severe OSA remain undiagnosed.
4
Clinical Significance of OSA The diagnosis of OSA has significant clinical implications (Table 1 
Cardiovascular Disease
Because OSA often occurs in the presence of co-morbid conditions, it has been difficult to discern its individual contribution to other medical problems. However, growing evidence supports a link between SDB and adverse cardiovascular outcomes independent of other confounding factors. The most solid evidence comes from prospective and large cross-sectional studies that have revealed a strong link between SDB and the development of hypertension independent of age, sex, and obesity.
10-12
Cross-sectional and case-control studies have suggested an increased risk for coronary artery disease/myocardial ischemia, 13,14 cerebrovascular accidents, 15, 16 and cardiomyopathy.
15,17
Brady-and tachyarrhythmias may occur with increased frequency in patients with SDB, 18, 19 and ventricular tachycardia has been reported in the setting of severe hypoxemia. 20 In patients with preexisting cardiovascular disease, the evidence for increased morbidity and mortality is Obstructive sleep apnea (OSA) is a common and frequently unrecognized disorder. It is often found in patients with obesity, diabetes, and cardiovascular disease, and there is growing evidence that sleep apnea is independently associated with increased cardiovascular morbidity. This article reviews the presentation, diagnosis, and treatment of OSA and its related health risks. It also discusses the proposed associations between OSA and diabetes and insulin resistance.
IN BRIEF
muscle tone increases, allowing the resumption of normal ventilation. This recovery is often associated with an arousal or shift to a lighter sleep stage. As deeper sleep resumes and muscle tone diminishes, the cycle may repeat itself. Hypopneas and apneas may also result in oxygen desaturation of variable degree.
The acute physiological changes that may be seen with SDB include systemic and pulmonary hypertension, dysrrhythmia, reduced cerebral blood flow, increased left ventricular afterload, and decreased cardiac output. These changes may be the result of hypoxemia and hypercarbia, repeated arousals, increased catecholamine levels, increased sympathetic tone, and/or intrathoracic pressure swings. 26 Any condition that reduces the diameter of any portion of the upper airway may contribute to SDB. Tonsillar hypertrophy or abnormal oral/nasal anatomy may cause airway narrowing. 27 Obesity may contribute to obstruction in part because of fatty tissue infiltration of the pharynx. 28 Drinking alcoholic beverages or using sedatives at bedtime may exacerbate SDB by reducing muscle tone and by delaying arousal, thereby prolonging respiratory events.
29
SDB may vary on a nightly basis depending on sleeping position or sleep stages. It is often more severe in the supine position because of decreased airway stability. It is also more apparent during rapid-eye-movement (REM) sleep, because muscle tone is lowest and control of breathing is most variable during this phase of sleep.
30
Diabetes and OSA Like OSA, diabetes is a common disorder. It is estimated that 8% of American adults have diabetes, 90% of which is classified as type 2 diabetes. 31 Studies have shown that these patients have a significantly increased risk of atherosclerotic disease and cardiovascular mortality 32 compared to those without diabetes. Much emphasis has been placed on the recognition and treatment even stronger. 21, 22 The ongoing Sleep Heart Health Study, a large, prospective, multi-center study, will hopefully provide more definitive answers about these important cardiovascular outcomes. 23 SDB is also associated with mild increases in daytime pulmonary artery pressure. However, contrary to historic reports, it is unlikely to result in clinically significant pulmonary hypertension and cor pulmonale unless it occurs in the presence of coexisting lung disease or obesity hypoventilation syndrome (OHS). 24, 25 In OHS, a condition that may be associated with OSA, obese patients demonstrate both nocturnal and daytime hypoventilation characterized by chronic hypercarbia and hypoxemia.
Pathophysiology of OSA
The SDB seen in OSA is caused by recurrent partial or complete obstruction of the airway during sleep. Resistance to airflow is increased at areas of anatomic narrowing in the nasopharynx and oropharynx. These areas may be further compromised by a sleep-related reduction in muscle tone and the effects of gravity related to being in the supine position. As a result, ventilation may be decreased (hypopnea) or absent (apnea) for several seconds until upper airway of modifiable cardiovascular risk factors such as tobacco abuse, dyslipidemia, and hypertension in this population.
Obesity as a Common Link
Obesity, particularly central obesity that results from increased visceral fat accumulation, is a major risk factor for development of type 2 diabetes. 33 As mentioned earlier, obesity is also a strong risk factor for development of OSA. In one study, an increase in BMI of one standard deviation was associated with a threefold increase in the risk of SDB. 1 Furthermore, central obesity, which is often measured as a waist-tohip ratio, appears to be an even stronger predictor for SDB than is BMI. 28 Because obesity is a risk factor for development of both OSA and type 2 diabetes, it is not surprising that the two conditions often coexist. In one study of middle-aged men, the prevalence of SBD (AHI > 20) was 36% in patients with diabetes compared with 15% in normoglycemic subjects. 34 Obesity, measured as either the BMI or waist-tohip ratio, accounted for most of this discrepancy. However, an independent relationship between diabetes and SDB remained after controlling for this confounder. It seems that in addition to the effects of shared risk factors such as obesity, there may be a more complex interaction between OSA and diabetes.
Syndrome X: Insulin Resistance and SDB Syndrome X, also known as the metabolic syndrome or the insulin resistance syndrome, refers to a cluster of cardiovascular risk factors whose central feature is thought to be insulin resistance. Other major features of this syndrome include central obesity, hypertension, and dyslipidemia.
One effect of the co-occurrence of these conditions is that the independent risk for cardiovascular disease associated with one condition varies depending on the presence of the other factors. Prospective studies have shown that Syn- 45, 46 During sleep, respiratory function is partially controlled by the autonomic nervous system. If this system is impaired, the airway may become less stable and control of breathing more variable, which can result in SDB.
Clinical Presentation of OSA
Patients with OSA typically complain of loud snoring and daytime sleepiness. In severe cases, patients fall asleep during stimulating activities, such as driving, or during conversation or meals. More frequently, they fall asleep during passive activities, such as watching TV or reading. Some patients deny sleepiness but note significant daytime fatigue or lack of energy. 47 They may also describe restless or unrefreshing sleep, episodes of nocturnal choking or gasping, awakening with dry mouth or headaches, frequent nighttime esophageal reflux, and nocturia (Table 2) . Patients' bed-partners may report breathing irregularities, such as apnea, or complain of nocturnal kicking, which may be a secondary effect of frequent micro-arousals. Often, these patients are overweight, typically with central obesity, and many have a history of hypertension.
On physical exam, one of the most common findings is a crowded oropharynx. Often, there is hypertrophy of the tissues of the tongue, lateral pharynx/tonsils, soft palate, and/or uvula even to the point of totally obscuring the view of the posterior wall. Other physical findings, such as retrognathia, micrognathia, and a high arch to the hard palate, may also be markers for higher risk. 27 The nasopharynx may reveal a deviated septum, nasal polyps, hypertrophied turbinates, or other evidence of chronic rhinitis, all of which drome X is associated with an increased risk of cardiovascular morbidity and mortality and that this risk is greater than that associated with the individual components of the syndrome.
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Nearly 90% of people with type 2 diabetes demonstrate insulin resistance, and approximately 80% meet the criteria for Syndrome X. 35 Although the prevalence is not known, patients with OSA also appear to share many features with Syndrome X patients.
A growing body of epidemiological evidence supports a link between insulin resistance and SDB. Several large crosssectional studies have demonstrated that SDB is associated with glucose intolerance and insulin resistance independent of confounders such as obesity. 3, [36] [37] [38] One study also noted a dose-response relationship between the severity of nocturnal hypoxemia caused by SDB and the degree of insulin resistance.
3 Studies evaluating the effect of treatment of sleep apnea on insulin resistance have had conflicting and inconclusive results.
39,40
Other physiological findings support a link between OSA and insulin resistance. SDB is associated with increased sympathetic nerve activity and catecholamine release, which in turn may promote hyperinsulinemia by stimulating glycogenolysis and gluconeogenesis. 41 Hypoxemia has also been linked with impaired glucose metabolism in studies of normal men at high altitude. 42 Last of all, experimental sleep deprivation in healthy subjects appears to be associated with abnormal glucose tolerance. 43 As noted previously, OSA is strongly associated with hypertension and central obesity. In fact, with the exception of dyslipidemia, which has not been extensively studied in the OSA population, each feature of Syndrome X has been shown to have some degree of association with SDB independent of the effect of confounders. It has been suggested that OSA may represent an additional element in this metabolic syndrome. 44 may also contribute to airflow obstruction. 48 A neck circumference >17 inches in men and >16 inches in women has been found to be predictive of SDB. 49 The remainder of the exam may reveal secondary effects of OSA, such as an abnormal cardiac exam or lower extremity edema. However, these findings are nonspecific.
Regression models have found a combination of these factors to be the most useful in the diagnosis of OSA. These include hypertension, habitual snoring, witnessed apneas, nocturnal gasping/choking, increased neck circumference, BMI >25 kg/m 2 , age >40 years, and male sex. 50 Still, neither exam nor history has adequate sensitivity and specificity to make the diagnosis without further studies.
Establishing an OSA Diagnosis
The gold standard for OSA diagnosis is overnight polysomnography in a sleep 
Behavioral Modification
Weight loss is probably the most effective lifestyle modification. Although it is clearly a difficult goal for people to accomplish, even modest weight loss may result in significant improvement. 28 Avoiding sleeping in the supine position, 54 sleep deprivation, 55 and alcohol, hypnotics, or narcotics before bedtime may be beneficial.
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Pharmacotherapy
Pharmacotherapy has a limited role in the management of OSA. Treatment of chronic or seasonal nasal congestion with an appropriate regimen of antihistamines, decongestants, nasal steroids, and/or saline irrigation may improve SDB.
48
CPAP Via Mask
Lifestyle modifications and treatment of nasal congestion are worthwhile to recommend to all patients; however, except for in those with mild disease, they are usually only partially effective. Most patients require more aggressive treatment, and nasal CPAP is the usual first line of therapy.
Patients are fitted with a nasal or nasal/oral mask through which pressurized air is delivered. This pressurized air acts as a pneumatic splint and prevents laboratory. This study typically includes monitoring of snoring, pulse oximetry, electrocardiogram (EKG), muscle tone, eye movement activity (to detect REM sleep), electroencephalogram (EEG, to detect sleep stage and presence of cortical arousals), nasal/oral airflow, and chest and abdominal wall movement (to detect respiratory effort). Obstructive hypopneas and apneas are seen as reduction or absence of airflow with persistent respiratory effort, i.e., chest or abdominal wall movement.
One measure of severity of OSA is the frequency of these respiratory events occurring per hour of sleep, which is usually reported as the AHI or the respiratory disturbance index (RDI). Recently, attempts have been made to standardize the measurement and classification of respiratory events, but in clinical practice there remains significant heterogeneity in the definition of hypopneas. 51 The threshold for an abnormal AHI may range from 5 to 15 depending on the definition used to identify hypopneas. Other important measures of severity include the degree of oxygen desaturation, the amount of sleep disruption (usually interpreted from both an overall arousal index and how well typical sleep patterns are preserved), and the severity of symptoms.
There is continuing controversy over the use of portable, unattended monitoring systems, such as oximetry and limited cardiopulmonary studies, as screening or diagnostic tools for OSA.
52,53 Oximetry studies are restricted to information on heart rate and saturation to indirectly measure SDB. Cardiopulmonary studies measure respiratory (chest/abdominal excursion, nasal/oral airflow, and oximetry) and cardiac (EKG) parameters but usually exclude sleep parameters (EEG, muscle tone, eye movements). The diagnostic sensitivity and specificity are highly variable depending on the parameters measured, the patient population studied, and the criteria used to indicate the presence of SDB.
The major disadvantage of these studies is the possibility of false-negacollapse of the airway regardless of the site of obstruction. Appropriately used, CPAP is highly effective at eradicating SDB and associated desaturation and sleep disruption.
56
CPAP therapy is initiated in a sleep laboratory because the amount of pressure required to eliminate apneas and hypopneas needs to be determined on an individual basis. This also allows the technician to assist patients in finding the best fitting and most comfortable mask and to trouble-shoot any problems that arise during the first night.
Despite the many benefits of CPAP therapy, it is a somewhat intrusive treatment, and it may take several weeks for patients to become comfortable with its nightly use. Fortunately, many patients note improvement in sleep quality and daytime functioning during this same window of time.
Side effects include dry mucus membranes and nasal congestion or rhinorrhea, which can usually be remedied with nasal steroid spray/saline irrigation or by adding a heated humidifier to the CPAP. Patients using nasal masks may be bothered by air escaping from the mouth, which also reduces efficacy of the treatment. Adding a chin strap or switching to an oral/nasal mask should resolve this complaint. The wide variety of available mask styles and sizes should minimize problems with poor fit, such as local skin irritation and air leak. Other side effects, such as claustrophobia and perceived inconvenience, are more difficult to remedy. Long-term compliance ranges from 65 to 80%, and some data suggest that patients with the most severe and symptomatic disease have the highest compliance rates. 57, 58 Dental Appliances Dental appliances that modify the position of the tongue or jaw have been used to treat OSA with varying degrees of success. These devices displace the lower jaw and/or tongue forward and relieve posterior airway obstruction during sleep.
A randomized, placebo-controlled pletely bypasses all possible areas of obstruction. However, it has significant associated medical and psychological morbidity and should be considered only in the most severe cases in which patients do not tolerate or respond to positive pressure therapy and other interventions.
61
Response to Therapy Treatment of OSA has been shown to improve symptoms and reduce the adverse medical consequences associated with the disorder. Several prospective, randomized, placebo-controlled trials have shown improvement in daytime sleepiness, cognitive functioning, psychological well-being, and quality of life with CPAP therapy. [62] [63] [64] Prior observational studies are now supported by recent randomized, placebo-controlled trials showing that short-term CPAP therapy results in a small but statistically significant drop in blood pressure.
65,66
Further studies are needed to establish whether this will correlate with a clinically significant improvement in control of hypertension over the long term. Data from retrospective studies suggest a reduction in motor vehicle accidents 67 and arrhythmia 18 and improvement in pulmonary hemodynamics, 68 heart failure, 17 and overall survival.
5
Conclusion
In summary, diabetes and OSA are common disorders that often coexist in the setting of shared risk factors and perhaps a similar metabolic environment. Both disorders are associated with adverse cardiovascular morbidity and mortality. Although no studies have specifically evaluated cardiovascular outcomes when both conditions are present, it is likely that the risks are additive or perhaps even synergistic. Currently, emphasis is being placed on identifying and treating modifiable cardiovascular risk factors, such tobacco abuse, obesity, hyperglycemia, hypertension, and dyslipidemia. Today, there is growing evidence that OSA should be added to this list. Clinicians need to be trial that included patients with all degrees of severity of OSA reported short-term normalization of the AHI in about 55% of patients using a mandibular advancement device. 59 A recent prospective trial reported that 63% of patients with mild to moderate OSA achieved a normal AHI and maintained it after 4 years. Unfortunately, as with CPAP, compliance remains an issue and, at 4 years, one-third of patients had discontinued using the device. 60 These devices remain a second line therapy, especially for patients with severe disease.
Surgical Intervention
Surgical procedures have a long history in the treatment of OSA. However, outcome data are somewhat limited.
Uvulopalatopharyngoplasty (UPPP) is the most common of these surgeries and involves removal of part of the soft palate, uvula, and redundant pharyngeal tissues. This procedure remedies only one possible area of obstruction, and as a result, the outcome is quite variable. In 1996, an American Academy of Sleep Medicine review of the literature reported that UPPP had a short-term success rate of 40% in patients with OSA. 61 Unfortunately, some of the benefits of the surgery may be lost over time. A recent prospective study of patients with mild to moderate OSA treated with UPPP showed a 50% complete response rate at 1 year, but only 33% continued to have success after 4 years of follow-up. Furthermore, long-term side effects, such as difficulty swallowing and nasal regurgitation, have been reported in 8-10% of patients. 60 The combination of several surgical procedures addressing different areas of airway obstruction may improve success rates. 61 Interventions may include nasal polypectomy, septoplasty, nasal turbinate reduction, radiofrequency ablation of tongue/soft palate/turbinates, genioglossal advancement, hyoid suspension, and maxillary/mandible surgery.
Tracheostomy is the definitive surgical procedure for OSA because it comvigilant in screening and treating diabetic patients for OSA.
